The isolation of spontaneous non-temperature-sensitive revertants of herpes simplex virus type 1 (HSV-1) (strain 17) ts mutants, following a single round of selection at nonpermissive temperature, is reported. The distinction between total and incomplete reversion was assessed by the wild-type performance of non-ts revertants in three aspects of HSV infection: (i) virus growth, (ii) induction of HSV-specified enzyme activities (where appropriate) and (iii) the gel profile of infected cell polypeptides. Wild-type behaviour was taken to indicate total reversion, while less than wild-type performance in any test indicated incomplete reversion. Only five of 19 HSV-1 mutants (ts L, U, X, R and G syn) examined for reversion of the ts lesion failed to yield non-ts revertants; these mutants may well contain multiple mutations. Total reversion was obtained with mutants ts
INTRODUCTION
For experimental use of temperature-sensitive (ts) mutants as tools in genetic or biochemical studies, it is important to know whether any individual mutant is likely to possess a single point mutation, or whether the mutant phenotype is due to several independent ts, non-lethal mutations. To attain this information the method of choice is by the study of non-ts revertants of ts mutants; yet the animal virus literature contains few references to such studies involving many mutants.
Nineteen bromodeoxyuridine (BUdR)-induced ts mutants of herpes simplex virus type 1 (HSV-1) (strain 17) which have been isolated and partially characterized in our laboratory (Brown et al., 1973; Crombie, 1975) were selected for investigation. Many of these mutations have been mapped both genetically (Brown et at., 1973) and physically on the HSV-1 genome Preston, 1981) . The polypeptide profile induced in infected cells has shown that with most of these mutants the mutation affected the synthesis of more than one polypeptide (Marsden et al., 1976) . On the basis of these observations, Marsden et al. (1976) suggested that the majority of HSV mutants had their ts lesions within genes that also had a controlling function, although the remote possibility that these mutants contained additional independent mutations could not be excluded. Here we resolve this question for several of the mutants. Our report concerns the isolation and phenotypic characterization of spontaneous nonts revertants from 14 of the 19 HSV-1 (strain 17) ts mutants studied.
The revertants were identified as total or incomplete revertants using as criteria comparisons with the wild-type virus behaviour in three types of test studies performed at both permissive (PT = 31 °C) and non-permissive (NPT = 38.5°C) temperatures: the first was virus replication, as determined by one-step growth curves; the second investigated the activities of three HSV-specified enzymes, namely thymidine kinase, DNA polymerase and alkaline exonuclease; the third rested on analysis of the infected cell polypeptide profiles by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Revertants whose performance was less good than the wild-type virus in any test are assessed to be incomplete revertants: they could have arisen by missense substitution in the same codon, or a second base substitution in a different codon of the salne gene, or change due to a base substitution in a different gene resulting in modification of the original ts phenotype. Alternatively, incomplete revertants may indicate the presence, in the original ts mutant, of additional independent ts non-lethal mutations. Until the work presented here can be extended by sequencing studies we cannot definitively distinguish between these alternatives.
Temperature-sensitive mutants that fail to revert in extensive studies suggest the presence of multiple ts mutations.
METHODS
Cells and virus. BHK-21 C13 cells, grown in Eagle's medium (Glasgow modification) supplemented with either 10% calf serum (ECI 0) or 10% human serum (EHul0) as appropriate, were used throughout. The virus employed in all the studies was HSV-1 strain 17, wild-type and mutant derivatives (Brown et al., 1973 ; Crombie, 1975) . Virus DNA is synthesized in infected BHK cells at NPT with mutants ts A, F, I, M, N and W, but has not been detected under the same conditions with ts B, D, E, H, K, P, S and T. Both non-syncytial (syn ÷ ) and syncytial (syn) plaque morphology variants were included as indicated.
Isolation ofnon-ts revertants. Spontaneous non-ts revertants (rev) of HSV-1 ts mutants were selected by plating low-passage ts mutant virus stocks initially at high multiplicity of infection (m.o.i. 10 to 20 p.f.u./cell) at NPT. This allowed rapid screening of large quantities of ts virus. Following 1 h adsorption at NPT, the plates were overlaid with medium containing HSV-neutralizing serum and further incubated for 30 min; the plates were then washed and overlaid with EClo and returned to the NPT incubator. At 6 h post-adsorption the growth medium was replaced by fresh ECto (when appropriate, additional uninfected cells were also added) and incubation at NPT continued for 2 days. This last step reduced the cytotoxic effect of high m.o.i. Strict attention was paid to maintaining NPT; this included performing the washing procedures in an ambient temperature of no lower than 37 °C, and using media pre-heated to NPT for washes or changes. This restricted any mutational leakiness to a minimum and increased the probability that plaques obtained at NPT contained non-ts revertant virus. When no plaques arose, the ts parent was given a further passage in BHK cells at 31 °C, and the isolation procedure was repeated. Plaques growing at NPT were picked into 0.5 ml phosphate-buffered saline containing 5 % calf serum, the cells were then disrupted by ultrasonic vibration and the released virus was titrated. Subsequent purification of putative non-ts revertants was performed throughout at PT; thus, each isolate underwent only a single round of growth at NPT. Unless otherwise stated, only a single triply plaque-purified subclone of non-ts revertant virus was studied from each ts parent virus stock. This avoided the possibility of including clonally related revertants. Also included in our study were a non-ts revertant isolated by Taylor (1976) , ts D syn rev 4, the non-ts revertants ts K syn rev 1 and ts H syn rev 2 isolated in Dr J. Stevens' laboratory (Watson et al., 1980) , and a temperature-sensitive latency (lat)-positive revertant (ts I syn lat ÷) of the latency-negative mutant ts I syn lat , also isolated in Dr J. Stevens' laboratory. Concurrent with the latency reversion, H. S. Marsden (personal communication) observed a substantial change in the polypeptide profile of ts I syn lat-.
One-step virus growth curves. BHK cells were infected at an m.o.i, of 5 p.f.u./cell, adsorbed for 1 h at NPT and the infectious virus yields harvested and estimated at 2, 4, 6, 8, 10, 12, 16, 20 and 28 h after adsorption.
Alkaline exonuclease activity. BHK cells were infected at an m.o.i, of 10 p.f.u./cell and incubated for 8 h at NPT or 16 h at PT. Preparation of crude enzyme extracts and the exonuclease assay were essentially as described by Morrison & Keir (1968) .
DNA polymerase activity. Cell infection and crude enzyme extract preparation were as given for exonuclease activity. The assay was essentially as described by Keir et al. (1966) , except that samples were taken at 30 and 60 min.
Thymidine kinase activity. Cell infection and preparation of crude enzyme extracts were as described by Jamieson & Subak-Sharpe (1974) except that infection was allowed to proceed for 10 h at either PT or N PT, and harvesting was into NTMT (50 mM-Tris-HC1 pH 7-5, 5 mM-2-mercaptoethanol, 5 ~tM-thymidine prepared in 0.14 M-NaCI). After pelleting, the cells were resuspended in TMT (as above but without NaC1) and assayed as described by Jamieson & Subak-Sharpe (1974) except that 0.2 M-phosphate buffer at pH 6 was used.
Preparation of infected cell proteins and SDS-PAGE. The infected cell polypeptide profiles after labelling with [35S]methionine from 3 to 24 h were analysed on both 5 to 12.5% gradient and 7.5% single concentration SDS-polyacrylamide gels. The infection of cells, preparation of samples, gel preparation and the electrophoresis conditions have all been described previously (Marsden et al., 1976 (Marsden et al., , 1978 .
RESULTS

Revertant isolation
Spontaneous revertants were successfully isolated (as described in Methods) from 14 of the 19 ts mutants investigated. Five mutants Its L, U, X, R and G (syn)] failed to yield revertants.
One-step virus growth curves
Prior to comparing the growth cycle kinetics of ts mutants and their non-is revertants, several factors influencing variability in one-step growth curves were investigated. These factors included first the influence of the syn gene (Brown et al., 1973) which has been mapped to 0.68 to 0-76 map coordinates on the HSV-1 (strain 17) genome (Stow, 1978) ; second the effect of differences in m.o.i.; third the variation encountered when performing experiments with identical virus stocks on different days. The rate of increase in virus titre, as measured by the slope of the curve, and the maximum infectious virus yields per cell attained over 24 h remained essentially constant for m.o.i.s between 1 and 10 p.f.u./cell (data not shown). The rate of growth at NPT was consistently higher than at PT (data not shown). Fig. 1 shows the one-step growth curves obtained on different days with wild-type virus bearing the syn (Fig. 1 a) and syn + (Fig.  1 b) alleles respectively. Many other experiments gave similar results. The one-step growth curves shown in Fig. 1 (a, b) were taken to portray the acceptable limits of variation for curves performed on separate occasions. Also shown in Fig. 1 are growth curves representative of incomplete recovery of wild-type growth (Fig. 1 c) and of apparent total recovery (Fig. 1 d) . Table 1 tabulates the essential features of the one-step growth curves of 14 ts mutants and their non-ts revertants. All 14 ts mutants were temperature-sensitive, although ts P syn, ts I syn lat-, ts M syn and ts N syn exhibited some leakiness and/or reversion at NPT. Of the non-ts revertants tested for wild-type growth only those of ts D (Fig. 1 c) , ts T, ts B and ts P failed to display wildtype growth. Thus, the putative revertants of ts E, ts F, ts H, ts I lat-, ts I lat +, ts K, ts M, ts N, ts S and ts W grow with wild-type characteristics. In two independent one-step growth experiments involving ts F syn and its non-ts revertants, very poor yields of virus per cell were obtained; this was also true for the wild-type virus control. It is thought that the poor quality of the BHK cells available at the time was responsible for the low yields.
When the ts mutant characteristics themselves were examined at PT, growth rates of ts A, ts D, ts E, ts H, ts I lat-and ts T, were found to be within wild-type limits, while those of ts B, ts P, ts F and ts S were slower than wild-type. One or more of the following factors may have contributed to these slower than wild-type growth rates at PT : the ts mutation per se may not allow completely normal growth at PT; the mutant isolate may have one or more near-silent mutations in addition to the ts lesion; some defective interfering virus may have built up in the mutant stock despite passaging at low m.o.i.
The non-ts revertants of ts A, ts D, ts T, ts B and ts P had growth rates within wild-type limits at PT, but at NPT all grew slower than the wild-type. Of these, the non-ts revertants of ts D, ts B and ts P each showed similar growth rates at NPT and PT. [The 28 h points for the ts D revertants (Fig. 1 c) are suggestive of thermolabile virions, but we have not yet investigated this possibility further.] The non-ts revertants of ts A and ts T grew slower at NPT than they did at PT. The difference in the NPT growth rate of the revertant ofts A syn + compared either to that of wild-type or to its own rate at PT was marginal in two separate experiments and the data were insufficient for confident classification.
HSV-specified enzyme activities
In the past, many of the HSV-1 (strain 17) ts mutants have been screened for their ability to induce the HSV-specified alkaline exonuclease, DNA polymerase and thymidine kinase activities in infected BHK ceils at NPT, and ts mutants defective in these functions have been identified (Crombie, 1975; J. Hay; D. J. Dargan; the late A. Jamieson, unpublished data). Thus, ts K, ts D and ts T failed to induce any of these activities at NPT; ts H lacks the DNA polymerase activity at NPT (Crombie, 1975) and the ts lesion maps within the sequences encoding the HSV-1 DNA polymerase locus (Chartrand et al., 1979 (Chartrand et al., , 1980 ; ts N appeared slightly temperature-sensitive for exonuclease activity, although this mutant also induced less than wild-type levels at PT. Fig. 2. The alkaline exonuclease activities induced by ts mutants and their non-ts revertants at PT and NPT. BHK cells were either mock-infected (MI) or infected with wild-type (wt), ts mutant or non-ts revertant virus (R), and incubated for 8 h at NPT or 16 h at PT prior to harvesting. Crude enzyme extracts were prepared and assayed at 31 °C for 1 h. The amount of protein in each sample was estimated by the method of Lowry et al. (1951) , and the activity of the exonuclease is plotted as ct/min/ixg protein. The results shown are from one experiment in which cells were simultaneously infected and the assays likewise simultaneously performed. For each virus the columns alternately refer to PT and NPT results.
Alkaline exonuclease activity
At PT, ts T and ts K induced wild-type levels of exonuclease activity; ts D (55~) and ts N (70~) induced reduced levels (Fig. 2) . At NPT ts D, ts T and ts K gave mock-infected or near mock-infected levels of activity while ts N induced only 40~ of wild-type activity. The non-ts revertants ofts T and ts K make wild-type levels of exonuclease activity at NPT, except for ts K syn rev 1 which produces only 60~o of the wild-type level. Of the non-ts revertants of ts D, ts D syn rev 4 regained the wild-type level, but ts D syn revertants 1 (35~o) and 3 (30~o) only partially recovered activity. The exonuclease levels induced by the revertant of ts N at both PT and NPT are indistinguishable from those induced by the ts N parent. This indicates that the ts N lesion is not causing the reduced levels of exonuclease activity.
DNA polymerase activity
DNA polymerase activity is analysed in Fig. 3 . The HSV-1 strain 17 wild-type virus induced slightly less DNA polymerase activity at NPT than at PT (a); at NPT ts K (c) and ts H (d) only made the mock-infected (b) levels of polymerase: both mutants therefore affect production of the enzyme. At NPT, the non-ts revertants ts K syn rev 6 (h) and ts K syn ÷ rev 111 (f) synthesized wild-type levels, suggesting total reversion, while the observation that ts K syn rev 1 (g) only partially recovered polymerase activity suggests that this is an incomplete revertant. At PT, both ts H (d) and its non-ts revertant (e) gave reduced levels of polymerase activity, and at t The time, after adsorption, of first increase in infectious virus titre. For wild-type (wt) syn + virus this was between 4 and 6 h at PT, and 2 and 4 h at NPT; for wt syn virus between 4 and 6 h at PT, and 2 and 6 h at NPT. :~ The rate of increase in virus growth, as measured by the slope of the curve over the exponential phase of growth. The rates of growth of a non-ts revertant at N PT had to be compared both to its curve at PT and the wt curve at NPT. The following abbreviations are employed: (wt, PT) growth equal to wt and equal to that at PT; (wt, > PT) growth equal to wt but faster than at PT; (< wt, PT) growth slower than wt but equal to that at PT; (> wt, PT) growth faster than wt but equal to that at PT; (<wt, <PT) growth slower than wt and slower than at PT; (<wt, >PT) growth slower than wt but greater than at PT. § The approximate maximum yield of infectious virus/cell. For wt syn + this was 50 to 170 p.f.u./cell at NPT and 70 to 180 p.f.u./cell at PT, while for wt syn this was 36 to 56 p.f.u./cell at NPT and 25 p.f.u./cell at PT. Other data (not given) show more variation in this feature than is suggested from Fig. 1 (a, b) but the yield/cell was not usually greater than three times that at NPT. II ts I syn lat-rev 1 and ts I syn lat-rev 111 (syn ÷) were picked from the same ts parent but have a different syn phenotype; therefore, these revertants may be clonally related. Fig. 3 . DNA polymerase activities induced by ts mutants and their non-is revertants at PT and NPT. BHK cells were either mock-infected (b) or infected with wild-type (a), ts K syn (c), ts H syn (d), ts H syn rev 2 (e), ts K syn ÷ rev 111 (f), ts K syn rev 1 (g) or ts K syn rev 6 (h). All were incubated for 8 h at NPT or 16 h at PT, prior to harvesting. Crude enzyme extracts were prepared and assayed at 31 °C for 30 and 60 min. The amount of protein in each sample was estimated by the method of Lowry et al. (1951) , and the activity of the induced DNA polymerase is plotted as ct/min/~tg protein. The results shown are from one experiment, in which cells were simultaneously infected, and the assays likewise simultaneously performed. C), DNA polymerase activity at PT; O, DNA polymerase activity at NPT.
NPT ts H syn rev 2 (e) gave similar levels. This suggests that the ts H gene product is already suboptimal at PT and that ts H syn rev 2 is an incomplete revertant.
Thymidine kinase activity
Ts D, ts T and ts K induced mock-infected or near mock-infected levels of HSV thymidine kinase activity at NPT, and wild-type or near wild-type levels at PT (Fig. 4) . The non-ts revertants of these mutants had all recovered wild-type levels of thymidine kinase activity at NPT, except for ts D syn rev 1 which produced about 60~ of the wild-type level at both PT and NPT. This again suggests that this is an incomplete revertant.
Analysis of infected cell polypeptides
Many HSV-1 strain 17 ts mutants have been examined by SDS-PAGE and characteristic polypeptide profiles have been described which define many individual ts mutants at NPT (Marsden et al., 1976; Gerdes et al., 1979) . Comparisons between the infected cell polypeptides induced in wild-type, ts mutant and non-ts revertant virus-infected cells provide our best indicator for the degree of wild-type status regained as a consequence of any particular reversion.
Our polypeptide profile analysis made on the ts mutants and their non-ts revertants derives in every case from at least three separate experiments, in which the profiles were studied on both 7.5 ~ single concentration and 5 to 12.5 ~ gradient SDS-polyacrylamide gels. Only two autoradiographs are shown here (Fig. 5 and 6 ), and although they are considered representative they do not illustrate every identified affected polypeptide in the profile of ts B and ts E or their non-ts revertants. The minor differences between the polypeptide profiles given here (Table 2a , b) for some ts mutants and those previously reported (Marsden et al., 1976; Gerdes et al., 1979) are thought to be due to slight differences in resolution between the different gel systems employed.
All of the ts mutants isolated by Crombie (1975) exhibited a Vmw 37/36K polypeptide, which was not found in the gel profile of the wild-type stock used by us. It was thought that the particular wild-type subclone from which these mutants are derived differed in this respect from the standard HSV-1 strain 17 wild-type, and the Vmw 37/36K polypeptide is considered to indicate a mutation unrelated to the ts lesion (Marsden et al., 1976) . The behaviour of this virus band is anomalous: it is absent in some, but present in other non-ts revertants, even when obtained from the same ts parent stock.
The gel profiles of the mutants ts B (Fig. 5) and ts E (Fig. 6 ) which do not complement each other (Brown et al., 1973) are known to be similar, except for the relative amounts of the Vmw 38/37K and 16.5K polypeptides made at NPT (Marsden et al., 1976) . The non-ts revertant of ts B showed incomplete recovery at NPT: the Vmw 273, 122, 82/81, 67, 57, 51, 27 and 12.5K bands were only partially restored (Fig. 5, lane 7) . Both non-ts revertants of ts E recovered the wildtype gel profile (Fig. 6 , lanes 5 and 9) but with ts E syn ÷ rev 122 (Fig. 6, lanes 9 and 10) , two polypeptides (Vmw 22 and 21K) displayed a lower apparent molecular weight at both PT and NPT. This change is considered to arise from a new mutational alteration picked up during the 11 i ns ns ns ns ns nslns[ns ns ns ns ns ns ns as ns ns ns ns ns * (Footnote continued) id, Insufficient data (bands infrequently resolved), vat, Variable, observed only on some gels. *, Not normally found in wild-type gel profile..,., Unusual electrophoretic mobility. 4,, Overproduced (> fivefold). 1", Slightly overproduced (< fivefold), n, Absent. I~, Reduced amounts, r~, Only partially restored. Despite using single concentration and gradient gels to increase resolution the following virus bands were never well-resolved in our gels: Vmw 239, 103, 74, 68 (IE), 63 (IE), 60, 45, 41, 34, 23, 19, 17.5, 17, 16, 15, 14, 13K . The gel profile for ts D rev 4 was as determined by Taylor (1976) . . SDS-PAGE profiles obtained on a 5 to 12.5~ gradient gel of the infected cell polypeptides induced in ts E syn (E), ts E syn ÷ (E ÷), ts E syn rev 1 (ER1), ts E syn + rev 122 (E + R 122), wild-type (wt) and mock-infected (MI) cells at PT and NPT. II, Virus band reduced in intensity at NPT. *, Virus band with unusual electrophoretic mobility. ©, Virus band increased in intensity at NPT.
Summary of SDS-PAGE analysis of the infected cell polypeptides induced at NPT by
purification of the revertant virus stock. Differences in the electrophoretic mobility of the V m w 22 and 21K bands have been reported in different wild isolates by Lonsdale e t aL (1979) , who also suggested a precursor-product relationship for these polypeptides based upon their apparently identical mobility shifts. This conclusion is supported by the physical m a p p i n g of both polypeptides to the same genome location (Marsden et aL, 1978) . Similar careful analyses on multiple profiles on both gradient and single concentration gels have been carried out for all the other mutants and the results are summarized in Table 2 (a, b) . Total recovery of wild-type gel profile was found with non-ts revertants of the mutants, ts K, E, S, H, F, M, I lat-(and lat +) and N. Incomplete recovery was observed with the non-ts revertants of the mutants ts T, D, B, P and A, while two revertants of both ts F and ts W had gel profiles virtually unchanged from that of their ts parents.
DISCUSSION
All the HSV-1 ts mutations analysed were induced by B U d R and therefore are probably due to base pair transitions, giving missense substituted temperature-sensitive polypeptide products. Isolates arising from ts mutant infections, which have recovered the ability to replicate at NPT, have been termed non-ts revertants. These could have arisen not only by reversion at the original point of mutation (total revertant), but also by mutations elsewhere. Every non-ts revertant arose spontaneously and had undergone only a single round of growth at NPT before analysis. The criteria employed to identify total revertants were the inability to detect differences between non-ts revertant and wild-type virus behaviour in replication, in induction of virusspecified enzyme activities, and in the polypeptide profile of infected cells produced on SDSpolyacrylamide gradient and single concentration gels. Revertants whose performance was less good than that of wild-type virus were considered incomplete revertants. These may have arisen by a second missense substitution event at the initial site, or by second site reversion events in the same or in another viral gene; incomplete reversions could also be due to the presence in the ts parent virus of additional independent ts mutations in dispensable functions or to very leaky mutations in genes with indispensable functions. Further work is needed to distinguish between these alternatives. Table 3 gives the phenotypes of the studied non-ts revertants of the HSV-1 (strain 17) ts mutants. The non-ts revertants of ts K (with a possible reservation about ts K syn rev 1) are total revertants of the ts K lesion. Thus, the data indicate that the ts K phenotype is due to a single base change in the gene specifying the Vmw IE 175K polypeptide and that the mutant contains no additional relevant mutations. The stock carries an independent mutation affecting the Vmw 37/36K polypeptide, which was already present in the wild-type parent of ts K and in all ts mutants isolated by Crombie (1975) . Nucleotide sequencing of the IE 175K polypeptide coding region, using ts K and a non-ts revertant isolated by V. Preston, has located the ts K mutation at a site 146 bp from the BamHI y:m junction. While the wild-type and non-ts revertant have a GCG codon at this point, ts K has a GTG codon. The missense mutation in ts K then is thought to result in an alanine to valine amino acid substitution within the Vmw IE 175K polypeptide (M.-J. Murchie, personal communication). In addition, MacDonald (1980) has shown that the D.J. DARGAN AND J. H. SUBAK-SHARPE Vmw IE 12K polypeptide induced by ts K has a slightly slower electrophoretic mobility (12.3K) than the wild-type Vmw IE 12K protein under the same conditions. H. S. Marsden (personal communication) investigated the mobilities of the IE 12K polypeptides induced by five non-ts revertants of ts K isolated by Watson et al. (1980) and found that none had recovered wild-type 12K mobility. This suggests that ts K possesses an additional independent mutation affecting the mobility of the IE 12K polypeptide.
Apparently, total reversions were also obtained for mutants E, I lat-and I lat +, M and S, suggesting that the ts phenotype of these mutants is due in each case to a single base change within their respective genes.
Although there is no evidence for additional genetic changes within the non-ts revertant of ts N, its poor performance in the alkaline exonuclease assays could be indicative of an additional mutation affecting this enzyme in ts N.
Two total reversions of ts E have been obtained. This is somewhat unexpected given that in both intertypic and intratypic marker rescue studies, rescue of ts E from two regions of UL (0" 1 to 0"17 and 0.68 to 0"76 map units) has been demonstrated (Stow, 1978) . We have no full explanation for this anomalous set of results.
Both total and incomplete reversions of ts F have been obtained. Two explanations would fit the data: either ts F syn rev 1 is a true revertant of ts F, while the ts F syn revertants 15 and 20 are due to second site reversion, or alternatively the ts F parent contains one ts and a second nonlethal, temperature-affected mutation; in this case the two ts F syn revertants 15 and 20 have reverted for only the indispensable mutation, while ts F syn rev 1 has reverted for both mutations.
Incomplete reversion has been found for the mutants, ts D, T, H, B, P, A and W. Our data cannot discriminate between incomplete reversion and additional independent non-lethal temperature-affected mutations in any of these cases. Isolation and characterization of additional non-ts revertants of these mutants, and also attempts to obtain second-step revertants (isolated from randomly selected single plaques after further rounds of growth under NPT conditions using the incomplete revertant as parent) is expected to allow us to resolve this problem. Alternatively, the problem can be tackled by marker rescue studies of both the ts parent and the incomplete revertant.
Many unsuccessful attempts have been made to select non-ts revertants from five further HSV-1 ts mutants, ts L, U, X, R and G (syn). The failure of these mutants to revert makes it likely that they possess multiple ts mutations.
The higher incidence among the DNA-negative mutants of incomplete reversion and of failure to revert is in keeping with the expectation that they are more likely to possess additional independent mutations than DNA-positive mutants.
Some conclusions regarding the relative importance of individual polypeptide bands may be drawn from these revertant studies. Variation in the intensity of several virus bands in polyacrylamide gels has been noted by Lonsdale et al. (1979) between some wild isolates of HSV-1, namely Vmw 122, 117, 85, 82/81 and 51K. The data summarized in Table 2 (a, b) show that the polypeptide bands Vmw 175, 155, 114, 65/64, 43, 40, 39, 30, 28, 21 and 16 .5K always returned to wild-type levels; Vmw 273, 100, 67 and 38/37K almost always regained wild-type intensity, while Vmw 122, ll7, 82/81, 57, 51, 27 and 12.5K were frequently not produced in wild-type amounts. We infer from these results that wild-type levels of the Vmw 273, 136' (143), 122, 117, 100, 82/81, 67, 57, 51, 38/37, 27 and 12 .5K polypeptides are not essential for virus replication to occur at NPT in BHK cells. In contrast, wild-type levels of Vmw 175, 155, 145, 129, 114, 65/64, 43, 40, 39, 30, 28, 26, 21 and 16 .5K polypeptides are apparently important since they never returned to less than wild-type levels even in incomplete revertants. The bands which most frequently failed to regain wild-type levels in the polypeptide profiles of incomplete revertants were Vmw 122, 82/81, 57, 51 and 12.5K. With the exception of Vmw 12.5K, all these are glycoprotein bands (Marsden et al., 1976) .
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